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examples, multiple semiconductor layers may be formed 
using alternating materials. 
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MICROELECTRONIC DEVICE AND A 
METHOD FOR ITS MANUFACTURE 

BACKGROUND 

An integrated circuit (IC) is formed by creating one or 
more devices (e.g., circuit components) on a semiconductor 
substrate. Generally, each device is separated from the other 
devices using an isolation feature such as a shalloW trench 
isolation (STI) structure. Current STI structures are often 
formed using a process that includes etching and silicon oxide 
deposition. HoWever, high stress may be induced into an STI 
structure, such as stress caused in etching the pro?le comer. 
The high stress may cause a leakage current that affects the 
performance of the resulting device. The reduction in siZe of 
device geometries used in modern technology nodes may 
make the leakage issue Worse and may also cause other issues, 
including STI gap ?lling issues and a degradation of carrier 
mobility under the high stress caused by the STI process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Aspects of the present disclosure are best understood from 
the folloWing detailed description When read With the accom 
panying ?gures. It is emphasiZed that, in accordance With the 
standard practice in the industry, various features are not 
draWn to scale. In fact, the dimensions of the various features 
may be arbitrarily increased or reduced for clarity of discus 
sion. 

FIGS. la-ld are sectional vieWs of at least a portion of one 
embodiment of a semiconductor structure during various 
manufacturing stages according to aspects of the present dis 
closure. 

FIG. 2a is a sectional vieW of at least a portion of one 
embodiment of a semiconductor structure according to 
aspects of the present disclosure. 

FIG. 2b is a sectional vieW of at least a portion of another 
embodiment of a semiconductor structure according to 
aspects of the present disclosure. 

FIG. 3 is a sectional vieW of at least a portion of another 
embodiment of a semiconductor device according to aspects 
of the present disclosure. 

DETAILED DESCRIPTION 

It is to be understood that the folloWing disclosure provides 
many different embodiments, or examples, for implementing 
different features of various embodiments. Speci?c examples 
of components and arrangements are described beloW to sim 
plify the present disclosure. These are, of course, merely 
examples and are not intended to be limiting. In addition, the 
present disclosure may repeat reference numerals and/ or let 
ters in the various examples. This repetition is for the purpose 
of simplicity and clarity and does not in itself dictate a rela 
tionship betWeen the various embodiments and/ or con?gura 
tions discussed. Moreover, the formation of a ?rst feature 
over or on a second feature in the description that folloWs may 
include embodiments in Which the ?rst and second features 
are formed in direct contact, and may also include embodi 
ments in Which additional features may be formed interpos 
ing the ?rst and second features, such that the ?rst and second 
features may not be in direct contact. 

Referring to FIGS. la-ld, illustrated are sectional vieWs of 
at least a portion of one embodiment of a semiconductor 
structure 100 during various manufacturing stages according 
to aspects of the present disclosure. The semiconductor struc 
ture 100 includes a structural layer 110 that may include a 
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2 
crystal semiconductor layer such as silicon and silicon ger 
manium, may have a certain crystal orientation, such as 
<100>, <1 10>, or <1 1 1>, and may have a surface orientation 
of (100), (110), or (111). Reference herein to any layer as a 
crystal layer may include single-crystal layers and other lay 
ers. The structural layer 110 may also or alternatively include 
silicon, gallium arsenide, gallium nitride, silicon germanium, 
silicon carbide, carbide, diamond, combinations thereof, and/ 
or other semiconductor materials. The structural layer 110 
may also include a silicon-on-insulator (SOI) structure, such 
as a silicon-on-sapphire substrate, a silicon germanium-on 
insulator (GOI) substrate, or a buried oxide (BOX) layer. 

Referring to FIG. 1a, illustrated is a sectional vieW of the 
semiconductor structure 100 in an intermediate stage of 
manufacture according to aspects of the present disclosure. 
An insulation layer 120 may be formed on the structural layer 
110. The insulation layer 120 may be a single layer structure 
formed of a material such as silicon dioxide (SiOZ), or may be 
a multi-layer structure formed using SiO2, silicon nitride 
(SixNy), silicon carbide (SiC), silicon germanium (SiGe), 
loW-k materials, combinations thereof, and/or other materi 
als. In one embodiment, the insulation layer 120 substantially 
comprises materials having a dielectric constant greater than 
about 3.0, separately or collectively. The insulation layer 120 
may be formed by a process such as thermal oxidation, 
chemical-vapor deposition (CVD), physical-vapor deposi 
tion (PVD), atomic layer deposition (ALD), spin-on, or a 
combination thereof. 

Referring to FIG. 1b, illustrated is a sectional vieW of the 
semiconductor structure 100 shoWn in FIG. 1a in a subse 
quent stage of manufacture according to aspects of the present 
disclosure. The insulation layer 120 may be patterned to form 
a plurality of openings 124 that at least partially expose the 
surface of the structural layer 110. In the present example, the 
insulation layer 120 is etched to form patterned insulation 
structures 122 that are separated by the openings 124. The 
openings 124 may be formed using conventional photolitho 
graphic patterning and etching procedures. For example, the 
openings 124 may be formed by patterning the surface of the 
insulation layer With a sequential process that includes pho 
toresist patterning, drying etching the insulation layer 120 to 
expose the underlying structural layer 110, and photoresist 
stripping. Each of these steps may be further divided into 
substeps. For example, the photoresist patterning may 
include photoresist coating, softbaking, mask alignment, pat 
tern exposure, photoresist development, and hard baking. The 
depth of the patterned openings 124 may range from about 
2000 Angstroms to about 7000 Angstroms. 

Referring to FIG. 10, illustrated is a sectional vieW of the 
semiconductor structure 100 shoWn in FIG. 1b in a subse 
quent stage of manufacture according to aspects of the present 
disclosure. A ?rst semiconductor layer 130 is formed in one 
or more of the openings 124 of the insulation layer 120. The 
?rst semiconductor layer 130 may be formed using a semi 
conductor material such as silicon, silicon germanium, sili 
con carbide, and/ or other materials in a crystal structure. The 
thickness of the ?rst semiconductor layer 13 0 may range from 
about 2000 Angstroms to about 5000 Angstroms, and may be 
formed by a process such as selective epitaxial groWth (SEG). 
Alternatively, the ?rst semiconductor layer 130 may be 
formed by other methods, such as simultaneous crystal/poly 
deposition or simultaneous single-crystal/poly deposition 
(collectively referred to herein as SSPD), CVD, PVD, ALD, 
and/or other processing techniques. Reference herein to any 
crystal or crystal/poly deposition may include single-crystal 
or single-crystal/poly deposition. 
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In one example, silicon comprising the ?rst semiconductor 
layer 130 may be formed by a SEG process using hydrochlo 
ric acid (HCl) and dichlorosilane (DCS) under prede?ned 
processing parameters. The processing parameters may 
include a processing temperature ranging betWeen about 500° 
C. and 11000 C., a HCl gas ?oW ranging betWeen about 15 
standard cubic centimeters per minute (sccm) and about 200 
sccm, and a DCS gas ?oW ranging betWeen about 10 sccm and 
about 300 sccm. A pressure for the process may range 
betWeen about 10 torr and about 250 torr. 

In another example, silicon germanium comprising the ?rst 
semiconductor layer 130 may be formed by a SEG process 
using HCl and germane (GeH4) under prede?ned processing 
parameters. The processing parameters may include a pro 
cessing temperature ranging betWeen about 4000 C. and 900° 
C. The processing parameters may include a HCl gas ?oW 
ranging betWeen about 15 sccm and about 200 sccm, and a 
GeH4 gas ?oW ranging betWeen about 20 sccm and about 200 
sccm. A pressure for the process may range betWeen about 10 
torr and about 250 torr. 

In yet another example, a crystal semiconductor layer com 
prising the ?rst semiconductor layer 130 may be formed by a 
non-selective epitaxial groWth such as SSPD. For example, 
silicon may be deposited non-selectively in an epi reactor. 
This deposits polysilicon over the oxide regions (e.g., on the 
insulation structures 122), but produces crystal silicon in the 
exposed crystal areas, such as the openings 124 in the pat 
terned insulation layer 120. If non-selective epi groWth is 
implemented, then another processing step may be added to 
remove polysilicon formed on the insulation structures 122 
by a method such as chemical mechanical planariZation 

(CMP). 
Referring to FIG. 1d, illustrated is a sectional vieW of the 

semiconductor structure 100 shoWn in FIG. 10 in a subse 
quent stage of manufacture according to aspects of the present 
disclosure. A second semiconductor layer 140 may be formed 
over the ?rst semiconductor layer 130 Within the openings 
122 of the insulation layer 120. The second semiconductor 
layer 140 may include silicon, silicon germanium, silicon 
carbide, and/or other materials. The second semiconductor 
layer 140 may be formed by a process similar to those used in 
forming the ?rst semiconductor layer 130 described above. 
The thickness of the second semiconductor layer 140 may 
range from about 50 Angstroms to about 1000 Angstroms. 

Different combinations of semiconductor materials may be 
used to create the semiconductor structure 100. For example, 
the structural layer 110, the ?rst semiconductor layer 130, and 
the second semiconductor layer 140 may include silicon, 
silicon, and silicon germanium, respectively. Other combina 
tions of the structural layer, the ?rst semiconductor layer, and 
the second semiconductor layer may include silicon, silicon 
germanium, and silicon; silicon germanium, silicon, and sili 
con germanium; or silicon germanium, silicon germanium, 
and silicon. 

Although not shoWn, additional semiconductor layers may 
be formed over the ?rst and second semiconductor layers 
using materials and processes similar to those used to form 
the ?rst and second semiconductor layers. Furthermore, other 
layers, interconnects, vias, isolation features, and similar 
structures may be used With the semiconductor structure 100. 

Referring to FIG. 2a, illustrated is a sectional vieW of at 
least a portion of one embodiment of a semiconductor struc 
ture 200 according to aspects of the present disclosure. The 
semiconductor structure 200 may include a structural layer 
210, an insulation layer 220 having a plurality of openings, 
and a semiconductor island 230 formed Within one or more of 
the openings Within the insulation layer 220. 
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4 
The structural layer 210 and insulation layer 220 may be 

similar to the structural layer 110 and insulation layer 120 
described With respect to FIGS. la-ld, and may be con 
structed using manufacturing methods that are identical or 
similar to those described in the formation of the structural 
layer 110 and insulation layer 120. For example, the structural 
layer 210 may comprise silicon or silicon germanium. Alter 
natively, the structural layer 210 and insulation layer 220 may 
include other materials and may be formed by alternate and/ 
or future developed manufacturing techniques. 

In the present example, the semiconductor island 230 
includes a ?rst semiconductor layer 232 and a second semi 
conductor layer 234. The second semiconductor layer 234 is 
formed from a material different from that of the ?rst semi 
conductor layer 232. The ?rst and/or second semiconductor 
layer(s) may include Si, SiGe, SiC, combinations thereof, 
and/or other materials. The semiconductor island 230 may be 
formed by an epi groWth process such as SEG, SSPD, and/or 
other processing techniques. The material compositions and/ 
or techniques of manufacturing the semiconductor island 230 
may be similar to those described previously With respect to 
the semiconductor layers 130 and 140. The second semicon 
ductor layer 234 may also include semiconductor dopants, 
such as boron, phosphorus, arsenic, and/ or other materials. As 
one example, the ?rst semiconductor layer 232 may comprise 
silicon and the second semiconductor layer 234 may com 
prise silicon germanium, or vice versa. 

Different combinations of materials may be used for the 
structural layer 210, the ?rst semiconductor layer 232, and the 
second semiconductor layer 234. More speci?cally, the struc 
tural layer 210, the ?rst semiconductor layer 232, and the 
second semiconductor layer 234 may include silicon, silicon, 
and silicon germanium, respectively. Other combinations of 
the structural layer 210, the ?rst semiconductor layer 232, and 
the second semiconductor layer 234 may include silicon, 
silicon germanium, and silicon; silicon germanium, silicon, 
and silicon germanium; or silicon germanium, silicon germa 
nium, and silicon. These various combinations are summa 
riZed beloW in Table 1. 

TABLE 1 

First Semiconductor Second 
Structural Layer Layer Semiconductor Layer 

Si Si SiGe 
Si SiGe Si 

SiGe Si SiGe 
SiGe SiGe Si 

The ?rst semiconductor layer 232 may have a thickness rang 
ing from about 2000Angstroms to about 5000 Angstroms and 
the second semiconductor layer 234 may have a thickness 
ranging from about 50 Angstroms to about 1000 Angstroms. 

Referring to FIG. 2b, illustrated is a sectional vieW of at 
least a portion of another embodiment of the semiconductor 
structure 200 shoWn in FIG. 211 according to aspects of the 
present disclosure, in Which the semiconductor island 230 is 
illustrated With the ?rst semiconductor layer 232 and a plu 
rality of semiconductor layers 236, 238, and 240 formed over 
the ?rst semiconductor layer. Although three semiconductor 
layers are shoWn for purposes of example, the layers 236, 238, 
and 240 may represent any number of layers equal to or 
greater than three. 
An exemplary semiconductor structure using the layers 

236, 238, and 240 may be con?gured With the structural layer 
210, the ?rst semiconductor layer 232, and the layers 236, 
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238, and 240 comprising silicon or silicon germanium in 
different combinations. Each of the plurality of semiconduc 
tor layers 236, 238, and 240 may include silicon, silicon 
germanium, silicon carbide (SiC), or combinations thereof. 
One or more of the semiconductor layers 236, 238, and 240 
may comprise the same material or all the layers may have 
different combinations of material. In some embodiments, 
the semiconductor layers may be formed of a crystal structure 
using a process such as SEG or SSPD. One or more of the 
semiconductor layers may also include semiconductor 
dopants, such as boron, phosphorus, and arsenic. 

The number of semiconductor layers 23 6, 238, and 240, the 
semiconductor material used to form each layer, and the 
thickness of each layer may be designed in various combina 
tions and con?gurations adapted to provide pre-determined 
electrical properties for a variety of microelectronic devices 
manufactured thereon. For example, the structural layer 210 
may comprise silicon and the ?rst semiconductor layer 132 
may comprise silicon or silicon germanium. The plurality of 
semiconductor layers 236, 238, and 240 (and additional lay 
ers) may have a combination such as Si/SiGe/Si/SiGe . . . or 

SiGe/Si/SiGe/Si . . . . 

For the embodiments of the semiconductor structure 200 
illustrated in FIGS. 2a and 2b, the insulation layer 220 is ?rst 
formed and patterned to have openings exposing the under 
lying structural layer 210. The semiconductor layer 232 is 
then formed in a crystal structure using an epitaxial (epi) 
groWth method such as SEG or SSPD to ?ll in some or all of 
the openings in the insulation layer 220. The epi layer may 
comprise a semiconductor material different from that of the 
structural layer 21 0. For example, silicon may be groWn using 
epi on a silicon germanium substrate such that the silicon 
layer is strained and its electrical performance is enhanced. 
Multiple epi layers may be formed by epi groWth Within the 
openings of the insulation layer 220 in different combinations 
to optimiZe device performance. The depth of the openings 
may range from about 2000 Angstroms to about 7000 Ang 
stroms, With each layer groWn therein formed to a desired 
thickness to achieve a prede?ned characteristic. Each silicon 
germanium layer may have a germanium concentration rang 
ing betWeen about 10 percent and about 50 percent. 

The multilayer semiconductor structure (e.g., the layers 
232,234 or the layers 232, 236, 238, 240) formed Within each 
opening of the insulator layer 220 may provide an active 
region to form a semiconductor device. The top semiconduc 
tor layer of the islands (e.g., the layer 240 of FIG. 2b) may 
further include doped regions in a prede?ned pro?le to form 
semiconductor devices such as a source, a drain, and/or a 
channel for a metal-oxide-semiconductor (MOS) transistor, 
or the doped regions may be used to form an emitter, a base, 
and/ or a collector for a bipolar transistor. 

Furthermore, the semiconductor island may be tuned by 
using different layer combinations, including modifying the 
number of layers, the material of each layer, and the thickness 
of each layer, to build in a certain stress to optimiZe device 
performance such as enhancing carrier mobility. The stress 
may be tuned to be compressive or tensile. For example, 
silicon and silicon germanium may be used to form the struc 
tural layer 210, the ?rst semiconductor layer 232, and/or the 
second semiconductor layer 234 in different combinations. 
Since the crystalline lattice constants of silicon and silicon 
germanium are different, epitaxy groWth of silicon on silicon 
germanium or silicon germanium on silicon may introduce 
stress Wherein the silicon may be stretched and silicon ger 
manium may be compressed. In another example, silicon 
carbide may be used as semiconductor material to form the 
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6 
semiconductor layers, or carbon may be alloyed With silicon 
or silicon germanium for similar purposes. 

Each of the semiconductor islands may be formed into a 
different structure having a different combination of layers, 
materials, and thicknesses. For example, for a complemen 
tary metal-oxide-semiconductor (CMOS) transistor, a nega 
tive metal-oxide-semiconductor (N MOS) may use a substrate 
region having one combination, While a positive metal-oxide 
semiconductor (PMOS) may use a substrate region having 
another combination. 
The structural layers may use a different crystalline orien 

tation in order to provide pre-determined electrical and 
mechanical properties. For example, the structural layer 110 
may include silicon With crystalline orientations of <l00>, 
<1 10>, or <lll>, and/or may have a surface orientation of 
(100), (110), or (111). 

Referring to FIG. 3, illustrated is a sectional vieW of at least 
a portion of one embodiment of a semiconductor device 300 
according to aspects of the present disclosure. The semicon 
ductor device 300 may include a structural layer 310, an 
isolation feature 320, a semiconductor island 330, and a gate 
feature 340. 
The structural layer 310 may include a crystal semiconduc 

tor layer such as silicon and silicon germanium. In another 
example, the structural layer 310 may include silicon, gallium 
arsenide, gallium nitride, silicon germanium, silicon carbide, 
carbide, diamond, combinations thereof, and/ or other mate 
rials. The structural layer 310 may have a silicon-on-insulator 
(SOI) structure or another structure to enhance performance 
of the semiconductor device 300. 
The isolation feature 320 may be positioned over the struc 

tural layer 310 and be formed using a dielectric layer pat 
terned to have a plurality of openings to expose the underlying 
structural layer 310. In one example, a dielectric material 
layer is formed over the structural layer 310 by a process such 
as CVD, PVD, thermal oxidation, or spin-on coating. The 
dielectric material may include silicon oxide, silicon oxyni 
tride, silicon nitride, loW-k materials, and/or combinations 
thereof. The dielectric material layer may have a multilayer 
structure and may be patterned for openings using a process 
that includes photolithography processing and etching. 
The semiconductor island 330 may be located in an open 

ing betWeen tWo isolation features 320. The semiconductor 
island 330 may have a structure similar to the semiconductor 
island 230 illustrated in FIGS. 2a and 2b, and may be fabri 
cated by a method similar to the method described With 
respect to FIGS. 1a-1d. The semiconductor island 330 may 
comprise a semiconductor material having a crystal structure, 
Where the semiconductor material may include materials 
such as silicon, silicon germanium, or silicon carbide. 
Although shoWn as a single layer, the semiconductor island 
330 may have a multilayer structure and each layer may be 
formed using a different material/ composition. For example, 
the semiconductor island 330 may include a silicon layer and 
a silicon germanium layer, While the structural layer 310 may 
include silicon or silicon germanium. One of the silicon layer 
and the silicon germanium layer forming the semiconductor 
island 330, referred to as a ?rst semiconductor layer, is posi 
tioned to be in direct contact With the structural layer 3 1 0, and 
may have a thickness ranging from about 2000 Angstroms to 
about 5000 Angstroms. The other layer of the semiconductor 
island 330 is positioned in contact With the ?rst semiconduc 
tor layer, and may have a thickness ranging from about 50 
Angstroms to about 1000 Angstroms. Silicon germanium 
used in the structural layer 310 and the semiconductor island 
330 may have a germanium concentration ranging from about 
10 percent to about 50 percent. The semiconductor island 



US 7,547,605 B2 
7 

may be formed using an epi growth process such as SEG or 
SSPD. The formed semiconductor island 330 may be strained 
and enhanced for purposes such as improved carrier mobility. 

The semiconductor island 330 may further include doped 
regions 332 and 334 and light doped regions 336 and 338 of 
either an n-type dopant or a p-type dopant formed by a con 
ventional doping process such as ion implantation. The doped 
regions may function as active regions to provide a source, a 
drain, and a channel for a device such as a MOS transistor. 

The gate feature 340 is positioned on the semiconductor 
island 330. The gate feature 340 may include a gate dielectric 
342, a gate electrode 344, a silicide contact layer 346, and 
spacers 348. The gate dielectric 342 may include silicon 
oxide, silicon oxynitride, high-k material, and/or combina 
tions, possibly having a dielectric constant greater than about 
5.0. The gate dielectric 342 may also have a thickness of less 
than about 20 Angstroms. The gate electrode 344 may include 
doped polysilicon, metal, metal silicide, other conductive 
material, and/or combinations thereof. The silicide contact 
layer 346 may comprise nickel silicide, cobalt silicide, tung 
sten silicide, tantalum silicide, titanium silicide, platinum 
silicide, erbium silicide, palladium silicide, or combinations 
thereof. The spacers 348 may have a multilayer structure and 
may include silicon oxide, silicon nitride, silicon oxynitride, 
or other dielectric material. The spacers 348 may have a 
thickness of less than about 700 Angstroms. 

The structural layer 310 and/or the island layer 330 may 
have an n-type doped region, a p-type doped region, and/or a 
combination thereof. N-type dopant impurities employed to 
form the doped regions may include phosphorus, arsenic, 
and/ or other materials. P-type dopant impurities may include 
boron, indium, and/or other materials. 
As one example, both NMOS and PMOS transistors may 

be formed in a semiconductor substrate using the structures 
described above, With an NMOS transistor formed in one 
semiconductor island and a PMOS transistor formed in 
another semiconductor island. The tWo islands may have 
different combinations of semiconductor materials, concen 
trations, and thicknesses. For example, one semiconductor 
island may have a silicon layer and a silicon germanium layer 
overlying the silicon layer. The other semiconductor island 
may have a silicon germanium layer and a silicon layer over 
lying the silicon germanium layer. By using different semi 
conductor islands for tWo types of MOS transistors, the per 
formance of the NMOS and PMOS transistors may be tuned 
and optimiZed. 

The semiconductor device 300 serves as only one example 
of a device Within Which various aspects of FIGS. 1a-1d and 
FIGS. 2a-2b may be implemented. The semiconductor struc 
ture 200 and the method of making the same may be used in 
other semiconductor devices having a pre-designed strained 
semiconductor substrate, a hetero-semiconductor device, a 
stress-free isolation structure, or an isolation feature formed 
by dielectric deposition and then etching instead of etching 
and then deposition. 

The foregoing has outlined features of several embodi 
ments so that those skilled in the art may better understand the 
aspects of the present disclosure. Those skilled in the art 
should appreciate that they may readily use the present dis 
closure as a basis for designing or modifying other processes 
and structures for carrying out the same purposes and/or 
achieving the same advantages of the embodiments intro 
duced herein. Those skilled in the art should also realiZe that 
such equivalent constructions do not depart from the spirit 
and scope of the present disclosure, and that they may make 
various changes, substitutions and alterations herein Without 
departing from the spirit and scope of the present disclosure. 
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What is claimed is: 
1. A method of manufacturing a shalloW trench isolation 

structure, comprising: 
providing a semiconductor substrate layer having a ?rst 

crystal material; 
forming an insulating oxide layer on the semiconductor 

substrate layer; 
etching the insulating oxide layer to provide a plurality of 

openings exposing portions of a surface of the semicon 
ductor substrate layer, thereby to form from the insulat 
ing oxide layer patterned insulation structures that are 
separated by the openings; and 

forming at least one semiconductor layer only Within the 
openings upon the exposed portions of the semiconduc 
tor substrate layer and betWeen and in contact With the 
patterned insulation structures using a selective epitaxial 
groWth (SEG) process, Wherein the at least one semicon 
ductor layer includes a second crystal material different 
from the ?rst crystal material. 

2. The method of claim 1 Wherein the ?rst material com 
prises silicon and the second material at least partially com 
prises silicon germanium. 

3. The method of claim 2 Wherein the semiconductor sub 
strate layer has a crystal orientation of <l00>, <1 10>, or 
<1 1 l>. 

4. The method of claim 2 Wherein the semiconductor sub 
strate layer has a surface orientation of (100), (1 10), or (1 l l). 

5. The method of claim 1 Wherein the ?rst crystal material 
comprises silicon germanium and the second material com 
prises silicon. 

6. The method of claim 1 Wherein the ?rst and second 
crystal materials each comprises at least one of silicon, ger 
manium, and carbon. 

7. The method of claim 1 Wherein the insulating oxide layer 
comprises silicon dioxide (SiO2). 

8. The method of claim 1 Wherein the insulating oxide layer 
substantially comprises material having a dielectric constant 
greater than about 3.0. 

9. The method of claim 1 Wherein forming the semicon 
ductor layer comprises forming a crystal silicon layer using 
hydrochloride (HCl) and dichlorosilane (DCS). 

10. The method of claim 9 Wherein forming the semicon 
ductor layer comprises using a gas How of HCI ranging from 
about 15 standard cubic centimeters per minute (sccm) to 
about 200 sccm and a gas How of DCS ranging from about 10 
sccm to about 300 sccm. 

11. The method of claim 10 Wherein forming the semicon 
ductor layer comprises using a processing temperature rang 
ing from about 500° C. to about 1100° C. 

12. The method of claim 1 Wherein forming the semicon 
ductor layer comprises forming an epitaxy silicon germanium 
layer using hydrochloride (HCl) and germane (GeH4). 

13. The method of claim 12 Wherein forming the semicon 
ductor layer comprises using a gas How of HCl ranging from 
about 15 standard cubic centimeters per minute (sccm) to 
about 200 sccm and a gas How of GeH4 ranging from about 20 
sccm to about 200 sccm. 

14. The method of claim 13 Wherein forming the semicon 
ductor layer comprises using a processing temperature rang 
ing from about 400° C. to about 900° C. 

15. The method of claim 14 Wherein forming the semicon 
ductor layer comprises using a processing pressure ranging 
from about 10 torr to about 250 torr. 

16. The method of claim 1 further comprising forming at 
least one additional semiconductor layer Within each of the 
openings of the insulating layer. 



US 7,547,605 B2 

17. A method of manufacturing a shallow trench isolation 
structure, comprising: 

providing a semiconductor substrate layer that includes a 
?rst crystal material; 

forming an insulating layer on the semiconductor substrate 
layer; 

etching the insulating layer to form a plurality of openings 
exposing portions of the surface of the semiconductor 
substrate layer, thereby to form from the insulating layer 
patterned insulation structures that are separated by the 
openings; and 

forming a semiconductor island only Within each of the 
openings of the insulating layer and betWeen and in 
contact With the patterned insulation structures using a 
selective epitaxy groWth (SEG) process, Wherein at least 
one semiconductor island is in direct contact With the 
surface of the semiconductor substrate layer and a side 
Wall of a corresponding one of the openings, 

Wherein at least one semiconductor island comprises a 
second crystal material different than the ?rst crystal 
material. 

18. A method of manufacturing a shalloW trench isolation 
structure, comprising: 

forming an insulating layer on a semiconductor substrate; 
etching the insulating layer to form a plurality of openings 

exposing portions of the surface of the semiconductor 
substrate, thereby to form from the insulating layer pat 
terned insulation structures that are separated by the 
openings; 

forming a ?rst crystal layer of a ?rst semiconductor mate 
rial Within each of the openings of the insulating layer 
and betWeen and in contact With the patterned insulation 
structures using a selective epitaxy groWth (SEG) pro 
cess; and 

forming a second crystal layer of a second semiconductor 
material directly on the ?rst crystal layer and only Within 
each of the openings in the insulating layer and laterally 
adjacent the insulating layer, Wherein the second semi 
conductor material is different from the ?rst semicon 
ductor material. 

19. The method of claim 18 Wherein the semiconductor 
substrate comprises one of the ?rst and second semiconductor 
materials. 

20. The method of claim 18 Wherein forming the second 
crystal layer comprises using a selective epitaxy groWth 
(SEG) process. 

21. The method of claim 18 Wherein forming the second 
crystal layer comprises using a simultaneous crystal/poly 
deposition (SSPD) process. 

22. The method of claim 18 Wherein one of the ?rst and 
second semiconductor materials comprises silicon and the 
semiconductor substrate at least partially comprises silicon 
germanium. 

23. The method of claim 18 Wherein at least one of the ?rst 
and second semiconductor materials comprises at least one of 
silicon, germanium, and carbon. 
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24. The method of claim 18 Wherein the insulating layer 

comprises silicon dioxide (SiO2). 
25. The method of claim 18, Wherein the semiconductor 

substrate comprises a semiconductor material different from 
the ?rst semiconductor material. 

26. The method of claim 18, Wherein the semiconductor 
substrate, the ?rst semiconductor material, and the second 
semiconductor material comprise silicon, silicon germanium, 
and silicon, respectively. 

27. The method of claim 18, Wherein the semiconductor 
substrate, the ?rst semiconductor material, and the second 
semiconductor material comprise silicon germanium, silicon, 
and silicon germanium, respectively. 

28. The method of claim 18, Wherein the semiconductor 
substrate, the ?rst semiconductor material, and the second 
semiconductor material comprise silicon germanium, silicon 
germanium, and silicon, respectively. 

29. The method of claim 18, further comprising forming at 
least one additional semiconductor layer on the second crys 
tal layer. 

30. The method of claim 17 Wherein the ?rst crystal mate 
rial and the second crystal material are semiconductors. 

31. The method of claim 17 Wherein the ?rst crystal mate 
rial is selected from the group consisting of SiGe, GaAs, SiC, 
and C and the second material comprises crystalline silicon. 

32. The method of claim 17 Wherein the ?rst crystal mate 
rial comprises crystalline silicon and the second crystal mate 
rial is selected from the group consisting of SiGe, GaAs, SiC, 
and C. 

33. A method of manufacturing a shalloW trench isolation 
structure, comprising: 

providing ?rst layer on a substrate, Wherein the ?rst layer 
comprises a crystal material comprising at least one of 
germanium and carbon; 

forming an insulating layer on the ?rst layer, Wherein the 
insulating layer comprises silicon dioxide; 

etching the insulating layer to provide a plurality of open 
ings exposing portions of a surface of the ?rst layer, 
thereby to form from the insulating layer patterned insu 
lation structures that are separated by the openings; 

forming a second layer directly on the ?rst layer and only 
Within the openings in the insulating layer and laterally 
adjacent the insulating layer and betWeen and in contact 
With the patterned insulation structures, including form 
ing a crystal silicon layer using a selective epitaxial 
groWth (SEG) process in Which a hydrochloride gas ?oW 
ranges betWeen about 15 standard cubic centimeters per 
minute (seem) and about 200 sccm, a dichlorosilane gas 
?oW ranges betWeen about 10 sccm and about 300 sccm, 
and a processing temperature ranges betWeen about 
500° C. and about 11000 C.; and 

forming a third layer directly on the second layer and 
Within the openings in the insulating layer, Wherein the 
third layer comprises a semiconductor material. 

* * * * * 


